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Abstract 
 
The flow field and forces on an isolated oscillating NACA 0012 airfoil in a 
uniform flow is studied using viscous vortex particle method. The simulations are carried 
out at very low chord (c) based Reynolds number (Re=1000), motivated by the current 
interest in development of Micro Air Vehicles (MAV). The airfoil is forced to oscillate in 
both heave and pitch at different normalized oscillation frequencies (f), which is 
represented by the non-dimensional reduced frequency (fc/U).  From the unsteady 
loading on the airfoil, the net energy transfer to the airfoil is calculated to determine the 
propensity for the airfoil to undergo self-induced oscillations or flutter at these very low 
Reynolds numbers. The simulations are carried out using a viscous vortex particle method 
that utilizes discrete vortex elements to represent the vorticity in the flow field. After 
validation of the code against test cases in the literature, simulations are first carried out 
for the stationary airfoil at different angles of attack, which shows the stall characteristics 
of the airfoil at this very low Reynolds numbers. 
 For the airfoil oscillating in heave, the airfoil is forced to oscillate at different 
reduced frequencies at a large angle of attack in the stall regime. The unsteady loading on 
the blade is obtained at different reduced frequencies. This is used to calculate the net 
energy transfer to the airfoil from the flow, which is found to be negative in all cases 
studied. This implies that stall flutter or self-induced oscillations are not possible under 
the given heave conditions. The wake vorticity dynamics is presented for the different 
reduced frequencies, which show that the leading edge vortex dynamics is progressively 
more complex as the reduced frequency is increased from small values. For the airfoil 
oscillating in pitch, the airfoil is forced to oscillate about a large mean angle of attack 
corresponding to the stall regime. The unsteady moment on the blade is obtained at 
different reduced frequencies, and this is used to calculate the net energy transfer to the 
airfoil from the flow, which is found to be positive in all cases studied. This implies that 
stall flutter or self-induced oscillations are possible in the pitch mode, unlike in the heave 
case. The wake vorticity dynamics for this case is found to be relatively simple compared 
to that in heave. The results of the present simulations are broadly in agreement with 
earlier stall flutter studies at higher Reynolds numbers that show that stall flutter does not 
occur in the heave mode, but can occur in the pitch mode. The main difference in the 
present very low Reynolds number case appears to be the broader extent of the excitation 
region in the pitch mode compared to large Re cases studied earlier. 
  
